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Compound 
Safety 
Limit 
(ng/l) 
Critical 
depostion 
flux 
(mg/m2)  
Deposition flux 
(mg/m2)  
Max. tolerable 
emission (t/yr) 
Target 
Grid 
average 
Grid 
max. 
 MEA DEYA 
MEA 7,500 14.2 3.1 46  12  Aquatic 
algae/bacteria 
Nitrosamines 
7 0.013 0.01 0.03   1.9 Drinking water 
25 0.047 0.01 0.03   6.9 Aquatic 
algae/bacteria 
Nitramine 
1,000 1.9 0.22 0.83  164 26 Drinking water 
200 0.38 0.22 0.83  33 5.1 Aquatic Fish 
Formamide 24,000 45.4 1.6 23  79  Aquatic Invertebrates 
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  CO2-eq. (ktons) NOx (tons) PM2.5 (tons) H2(tons) 
    Road Other Sum Road Other Sum 
Road 
exh. 
Road 
non-exh. Other Sum Sum 
2004 Baseline 11953 53121 65074 66565 176401 242967 2876 842 25520 26363 0 
2015 Baseline 12722 46816 59538 30842 117040 147882 1017 897 17770 18667 0 
 H2 scenario 12514 43364 55877 30144 120329 150473 1008 897 23382 24278 1420 
 Reduction 209 3452 3661 697 -3289 -2591 9 0 -5611 -5611 -1420 
  Red. (%) 2 7 6 2 -3 -2 1 0 -32 -30   
2030 Baseline 13910 45174 59084 14683 90273 104956 301 976 12070 13046 0 
 H2 scenario 10636 27653 38289 10250 92454 102704 231 976 16832 17808 17416 
 Reduction 3274 17521 20795 4432 -2181 2251 70 0 -4762 -4762 -17416 
  Red. (%) 24 39 35 30 -2 2 23 0 -39 -37   
2050 Baseline 15294 47358 62651 15239 93058 108297 301 1074 11121 12195 0 
 H2 scenario 3277 25186 28463 4242 95350 99593 103 1074 15753 16827 53824 
 Reduction 12017 22172 34189 10997 -2293 8704 198 0 -4632 -4632 -53824 
  Red. (%) 79 47 55 72 -2 8 66 0 -42 -38   
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  Mileage forecast: 65 $ Mileage forecast: 100 $ 
Scen. Year En NOx VOC CO CO2 PM TSP PM10 PM2.5 En NOx VOC CO CO2 PM TSP PM10 PM2.5 
       Exh. Exh. + Non exh.      Exh. Exh. + Non exh. 
S. 1 2010 -0,3 1,5 -2,5 0,6 -6,0 -3,6 -1,6 -2,0 -2,5 -0,3 1,4 -2,4 0,5 -6,0 -3,6 -1,6 -2,0 -2,5 
 2015 -0,4 1,5 -1,7 1,0 -8,3 -4,9 -1,5 -2,0 -2,8 -0,4 1,5 -1,6 0,9 -8,3 -4,8 -1,5 -2,0 -2,8 
 2020 -0,6 1,6 -0,7 2,0 -10,5 -6,0 -1,2 -1,7 -2,5 -0,6 1,6 -0,7 1,9 -10,5 -6,0 -1,2 -1,7 -2,5 
 2025 -0,6 1,5 -0,1 2,6 -10,5 -5,6 -0,7 -1,0 -1,5 -0,6 1,5 -0,1 2,5 -10,5 -5,6 -0,7 -0,9 -1,5 
 2030 -0,6 1,2 0,1 3,0 -10,5 -5,2 -0,4 -0,6 -1,0 -0,6 1,2 0,1 2,9 -10,5 -5,1 -0,4 -0,6 -1,0 
S. 2 2010 -0,3 1,5 -2,5 0,6 -6,0 -3,6 -1,6 -2,0 -2,5 -0,3 1,4 -2,4 0,5 -6,0 -3,6 -1,6 -2,0 -2,5 
 2015 -0,6 1,8 -1,7 1,4 -11,1 -6,5 -2,1 -2,7 -3,7 -0,6 1,8 -1,6 1,3 -11,1 -6,5 -2,1 -2,7 -3,7 
 2020 -0,9 2,2 -0,4 3,2 -16,2 -9,1 -1,9 -2,6 -3,9 -0,9 2,2 -0,4 3,0 -16,2 -9,1 -1,9 -2,6 -3,8 
 2025 -1,3 2,5 1,1 5,8 -21,2 -11,2 -1,3 -1,9 -3,0 -1,3 2,5 1,0 5,5 -21,2 -11,1 -1,3 -1,9 -3,0 
 2030 -1,6 2,0 2,3 8,3 -26,2 -12,7 -0,9 -1,4 -2,3 -1,6 2,0 2,2 8,0 -26,1 -12,4 -0,9 -1,4 -2,3 
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ICD-10             
code
GBD    
-code
Disease Total 
costs       
(mio €)
DMC              
(mio €)
Prod. 
Loss 
(mio €)
DALY 
(years)
YLD         
(years)
YLL 
(years)
Deaths I         
Incidence
P           
prevalence
DW    
(x 
0,01)
average 
L             
(days)                                                       
COI/BOD 
(€/DALY)
H90, H91 W102 Hearing loss, adult onset 1124 896 228 . 396582 396582 0 0 286377 20087871 8 6240 . 2834
G30 W087 Alzheimer and other dementias 1242 1185 57 . 401914 373698 28217 8904 231237 1050155 64 924 . 3090
C25 W066 Pancreas cancer 1278 309 969 . 94588 2451 92137 13424 13417 28970 24 282 . 13511
H40-42 W099 Glaucoma 486 429 57 . 34808 34808 0 0 15297 254122 60 1384 . 13962
J40->J44;+J47 W112 COPD 5486 2693 2793 . 353664 241379 112285 22931 91054 1519301 39 2494 . 15512
I20-I25 W107 Ischaemic heart disease 13714 6133 7582 . 882336 125699 756637 169420 240440 1228712 22 866 . 15543
C33-34 W067 Trachea, bronchus, lung cancers 5291 1073 4218 . 336042 9593 326449 40922 43628 159840 15 549 . 15745
F32-34 W082 Unipolar depressive disorders 12404 4139 8266 . 765653 765263 390 46 2795071 2239640 30 331 . 16201
K51 W116 Peptic ulcer disease 435 207 228 . 26684 9078 17606 3701 99021 357858 0 10141 . 16302
C18+C20 W064 Colon and rectum cancers 3774 1665 2109 . 228545 39005 189540 31423 79752 455194 22 823 . 16513
C16 W063 Stomach cancer 1602 405 1197 . 89922 3687 86235 12968 14935 54843 22 415 . 17815
C53 W070 Cervix uteri cancer 588 132 456 . 32804 6953 25851 2692 11190 72729 7 3030 . 17925
J45-J46 W113 Asthma 2256 1572 684 . 112841 97178 15663 2210 170295 3008312 6 3547 . 19993
C67 W074 Bladder cancer 850 508 342 . 38906 7900 31006 6243 20780 284226 9 1614 . 21848
C50 W069 Breast cancer 4617 1596 3021 . 199113 32978 166135 20075 70280 958280 9 1996 . 23188
C61 W073 Prostate cancer 1839 1269 570 . 74495 16516 57979 12279 38346 158287 13 1171 . 24686
E10-14 W079 Diabetes 7095 5100 1995 . 280671 167125 113546 24541 1133771 7059333 3 1645 . 25279
C91-95 W076 Leukaemia 1779 639 1140 . 61413 2742 58672 7975 9962 67664 9 1110 . 28968
C81-90; C96 W075 Lymphomas, multiple myeloma 2326 901 1425 . 77276 4154 73121 10763 14623 135523 6 1828 . 30100
I60-I69 W108 Cerebrovascular disease 12432 7929 4503 . 407828 116491 291337 73464 191244 725962 23 963 . 30483
C43-44 W068 Melanoma and other skin cancers 953 383 570 . 28761 1904 26857 3168 9532 165616 5 1618 . 33136
C00-C14 W061 Mouth and oropharynx cancers 1992 339 1653 . 56050 3585 52465 5039 7594 46885 9 1921 . 35539
A15-A19 W003 Tuberculosis 222 108 114 . 5229 1822 3408 455 6078 5026 28 391 . 42453
G40-41 W085 Epilepsy 2392 1138 1254 . 55583 30857 24726 1965 55709 413000 6 3346 . 43035
B20-B24 W009 HIV/AIDS 749 122 627 . 15962 5348 10614 547 2377 48104 32 2581 . 46924
F20 W084 Schizophrenia 6998 1811 5187 . 106866 105842 1023 91 8212 404137 35 13410 . 65484
B16 W018 Hepatitis B (g) 421 22 0 . 3716 479 3237 360 9023 7692 20 99 . 113292
I10-15 W106 Hypertensive heart disease 9678 8025 1653 . 82981 15583 67398 19444 54738 108289 20 520 . 116630
K02 W144 Dental caries 7577 7577 0 . 38100 38100 0 0 21958861 439177 8 8 . 198874
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Log Y = 0.75 log x + 5.69
R2= 0.60
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DMC(i) = -2.915.676.000 +472.000 x “Incidence (i)” + 467.000 x “deaths(i)” + 
311.000xLOG10(YLD(i))  
  0                    1                    2                         3 
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LWY_total(i) =   4.137 +  0,707 x “YLD_emp_up_to_60(i)” + 0,666 x YLL 
“YLL_emp_up_to_60(i)”  
      0              1     2    
 
JK
LM
NO
LM
PQ
LR
S
L

L
OT UV
W
O
K
O XPY
LM
P 
LR
S Z[V\]O
L
O
^
, I"#
&
(
+
*
7
" #"
$ﬃ*
&
,

="
*
!
""
 *
,
*ﬃ$
?_`
ﬃ
 
*
7
"
6
>
_
),E
*
#+
 
ﬃ*ﬃ
2
*
7
"
(
,
$$
,
!
&

'
-,
 
"
$
!
ﬃ% *
"
%*
"
 
,

,E# @"#-
ﬃ A
..
B
 
ﬃ*ﬃ%
"
*
5
`
*
!
ﬃ% %
&'

&
(
&
)
ﬃ* ﬃ*
.2..a
$
"I"
$
2
7
ﬃ% ﬃ b

G
ﬃ
 
ﬀ
5
,
(
.2
Hc
/
b

,
(
.2
Hd4 *
7
"#"=+ ,

ﬃ
I"#
ﬃ
'
" "D
C$ﬃ
&

&

'
Hce
,
(
*
7
"
*
,
*ﬃ$
?_`
,
(
ﬃ
)"#
*ﬃ
&

 
&
%
"
ﬃ%
"2 =
ﬃ%
"
 
,
 *
7
"
&

 
"
C
"

 
"
* f
_g
),-
C
,

"
*%
,
(
ﬃ *
7
"
 
&
%
"
ﬃ%
"
C
#,I
&
 
"
 
=+
*
7
"
6
>
_
/
A
..h
4
5 :
$$ ﬁ%
!
"#"
%
&'

&
(
&
)
ﬃ* ﬃ*
.2.a
$
"I"
$
5
 
TOTAL COI(i) (mio €)= 1400 + 0,273 x “Incidence(i)” + 0,682 x “deaths(i)” + 0,501 x 
“YLD_emp_up_to_60(i)”  
               0      1                  2    3 
 
 
UPYTX
K
M
P OP] ]
M
K
YX
KK
M
P
i
jklm no mjpj qnr sttu qrnvsw mxkljklk xo ylrvjo
z
j kx{oxqx|jop }~

tt

|nrrljpxno lpllo

jom
i

jk qnŁom }~ljrkno |nrrljpxno |nlqqx|xlop t



 nllr

pl


i

lrlkklm xo lŁrn



jrxlk xp j qj|pnr

t j|rnkk j |nokxmlrlm mxkljklk qnr ylrvjo
z
xo
sttu xk vljok pjp llo xpxo nol |nŁopr
z
xp xk onp nkkxl pn jl j Łoxqnrv prjokjpxno
;ﬃ
'
"   ,
( 
 
nq

k xopn lŁrn z jzxo{ nol |nolrkxno qj|pnr qnr j mxkljklk l xvnrpjop mxqqlrlo|lk
xo pl


i

rjpxn lpllo mxkljklk vjz jl xvnrpjop xvx|jpxnok qnr nx|z vjlrk

lo npxvxxo{ ljp llomxpŁrlk

nx|z vjlrk jrl jmxklm pn vxoxvxl pl
i

Łomlr j
|lrpjxo Łm{lp |nokprjxop nr xo nplr nrmk pn vjxvxl pl 


lŁrn rjpxn

Łr qxomxo{k
xvz pjp pl rlmŁ|pxno nq 	

qnr |lrpjxo mxkljklk x rlkŁp xo j vŁ| nlr rlmŁ|pxno xo
pl 
kn|xlpj |nkp

pjo qnr nplr mxkljklk xk rjxklk pl Łlkpxno




nŁm nx|z vjlrk jkn
pjl xopn j||nŁop pl rlmŁ|pxno nq


lo npxvxxo{ pl ljp llomxpŁrlk

om n pn
prjml nqq lpllo vxoxvxxo{ pl
i
jom vxoxvxxo{ pl kn|xlpj |nkp nq mxkljklk rnv j
}vj|rn

l|nonvx| nxop nq xl

plrl xk jo jr{Łvlop pn rxnrxpxl pl vxoxvxjpxno nq pl

jk pxk x ljm pn jo xo|rljklm qŁpŁrl lqjrl

x|x xo pŁro nkxpxlz xoqŁlo|l pl qŁpŁrl
{nlrovlop Łm{lp l prjml nqq jkn jk lpx|j xvx|jpxnok yxxo{ rxnrxpz pn vxoxvxxo{ pl

rjplr pjo pl
i

x rxnrxpxl llomxpŁrlk lolqx|xj qnr pl znŁo{ jom j|pxl
nŁjpxno

xl rnxmxo{ lkk rlknŁr|lk qnr xolkklk pjp rjplr jqql|p 
ono

rnmŁ|pxl

lnl

o pl no{ plrv nllr

plnrlpx|j
z
xp vx{p jkn l lolqx|xj qnr pl 
ono
rnmŁ|pxl

nŁjpxno jk x{lr 
lqjrl

vj
z
ljm pn x{lr 
l lxo{


 
^
,
&
-
C
#,I"
&
%
&'
7
*
&
 *
7
"
?_`
G
f
_g
#"
$ﬃ*
&
,

2
*
7
" #"
$ﬃ*
&
,
%
="
*
!
""
 *
7
"
&

 
&
I
&
 
E
ﬃ$
),-
C
,

"
*%
!
"#"
%*
E
 
&
"
 
5
`
*
!
ﬃ%
(
,E

 
*
7
ﬃ* *
7
"
g
&
#")
* 
"
 
&
)
ﬃ$
?
,
%*%
/
g

?
4 ﬃ
#"
C
,
%
&
*
&
I"
$
+ ),##"
$ﬃ*
"
 
!
&
*
7
F
"
ﬃ
#
%
<
&
I"
 
!
&
*
7
g
&
%ﬃ
=
&
$
&
*
+ /
F
<
g
4
2
*
7
"

E-="# ,
(  
"
ﬃ*
7
%
2
*
7
"
&

)
&
 
"

)" /
`
4 ﬃ
 
C
#"I
ﬃ$
"

)" /;
4
,
(
*
7
"
 
&
%
"
ﬃ%
"
ﬃ
 
*
7
"
 
E#
ﬃ*
&
,

,
(
*
7
"
 
&
%
"
ﬃ%
"
5
?
,
*
#
ﬃ
#+
*
,
*
7
" "D
C
")
*ﬃ*
&
,
 
,
C
,
%
&
*
&
I" ),##"
$ﬃ*
&
,

!
ﬃ%
(
,E

 
="
*
!
""

g

?
ﬃ
 
*
7
"
g
&
%ﬃ
=
&
$
&
*
+
6
"
&'
7
*
5
`
*
!
ﬃ% ﬃ$%
,
(
,E

 
*
7
ﬃ*
<,
%*
6
,#
9
(
,#)"
F
"
ﬃ
#
% ﬃ
 
*
7
" #"
$ﬃ*
"
 
;#,
 
E)
*
&
I
&
*
+ <,
%%
)
ﬃ
E
%
"
 
=+
ﬃ
 
&
%
"
ﬃ%
" )
ﬃ
=" "
%*
&
-
ﬃ*
"
 
%
&'

&
(
&
)
ﬃ*$
+ =
ﬃ%
"
 
,
 *
7
"
6
>
_
G
 
ﬃ*ﬃ
5
?
,-=
&

&

'
*
7
"
%
"
(
&

 
&

'
%
&
*
!
ﬃ% ﬃ$%
,
C
,
%%
&
=
$
"
*
, "
%*
&
-
ﬃ*
"
*
7
" ,#
 
"# ,
(
-
ﬃ
'

&
*
E
 
" ,
(
*
7
"
%
,)
&
"
*ﬃ$
),
%*
,
(
&
$$
"
%%
"
%
=
ﬃ%
"
 
,

 
ﬃ*ﬃ C
#,I
&
 
"
 
=+
*
7
"
6
>
_
5 
""
 *
7
ﬃ* *
7
"#"
&
% ﬃ
I
ﬃ%* %
"
*
,
(  
ﬃ*ﬃ
,
 *
7
"
f
_g
2
*
7
&
%
&
% ﬃ
&
-
C
,#
*ﬃ* %
,E#)" ,
(
&

(
,#-
ﬃ*
&
,
 *
7
ﬃ*
&
%
)E##"
*$
+
&
%
E
((
&
)
&
"
*$
+ E
%
"
 
5

E#
*
7
"# #"
%
"
ﬃ
#)
7
),E
$
 
)"#
*ﬃ
&
$
+
&
-
C
#,I"
*
7
"
&
%
&'
7
*%
&
 *
7
" #"
$ﬃ*
&
,

="
*
!
""
 f
_g
ﬃ
 
?_`
5

,# -,#"
 
"
*ﬃ
&
$%
!
" #"
(
"#
*
,
:
"#
*%
"
%
"
* ﬃ$
5
/
A
.a.
4
5

Y

PTS]QSNSP
L
K ^
7
"
ﬃ
E
*
7
,#
%
'
#
ﬃ*
"
(
E
$$
+
ﬃ
)
9
,
!
$
"
 
'
"
*
7
" ),,
C
"#
ﬃ*
&
,

!
&
*
7
&
 *
7
"
>
`


^
:
C
#,
ﬀ
")
*
2
(
E

 
"
 
E

 
"#
*
7
"


&
D
*
7

#
ﬃ
-"
!
,#
9
;#,
'
#
ﬃ
-
(
,#
b
"
%
"
ﬃ
#)
7
/@
_?

G
?
^
G
A
..
d
G
.
cd
ha
c
G
A4
5
^
7
"
ﬃ
E
*
7
,#
%
ﬃ$%
,
'
#
ﬃ*
"
(
E
$$
+
*
7
ﬃ9
?
,
$
&

g
,E
'
$ﬃ% ﬃ*
7
"#
% ﬃ
 

&
,
ﬃ ﬃ
#
'
ﬃ
#"
*
@,#" /
6
>
_
4 ﬃ
 
ﬃ
E"
$ﬃ 
,"
*
7
"

/@
`

>4
(
,#
C
#,I
&
 
&

'
 
ﬃ*ﬃ
5
 
;ﬃ
'
"    ,
( 
 
 
SSSPYS
K
:
"#
*%
"
% 
2
f
E"
9
"#
% 
2
f
#,"
9
D

2
^
,#
(
% b
5
/
A
.a.
4
5 
 
 	


  

 
 

 







 






ﬀ
 ﬁ



ﬂ

 



 ﬃ
ﬀ

 !
`^_
G
#"
C
,#
*" B
h
C
5
http://www.vito.be/VITO/EN/HomepageAdmin/Home/WetenschappelijkOnderzoek/p_catalogus
f
E"
9
"#
% 
2
:
"#
*%
"
% 
2
f
#,"
9
D

2
^
,#
(
% b
5
/
` C
#"
C
5
4
5




 

 #
$





 	


 #


	$ %


  

 
 

  ﬁ

&
>
"
ﬃ$*
7

),

,-
&
)
%
5

;
:
2

I
&
#,

-"
*ﬃ$
;#,
*
")
*
&
,

:
'
"

)+
5
/
A
..
d4
5 '




 	


 (

ﬁ
)5
;#"
Cﬃ
#"
 (
,#
*
7
"
_
((
&
)" ,
(
;,
$$
E
*
&
,

;#"I"
*
&
,
 ﬃ
 
^
,D
&
)
%
2 E

 
"#
*
7
"
 
&
#")
*
&
,

,
(

&
),
$ﬃﬃ% f
,E
!
"
%
2 =+
:
=
*
:
%%
,)
&
ﬃ*
"
%*
?ﬃ
-=#
&
 
'
"2
ﬃ%%ﬃ
)
7
E
%
"
**%
5
@
`

>
5
/
A
..h
4
@"#-
ﬃ `
(
,#-
ﬃ*
&
,


+
%*
"- ,
(

"
 
"#
ﬃ$ >
"
ﬃ$*
7

,

&
*
,#
&

'
,#
+
@"
%
E

 7
"
&
*%
="#
&
)
7
*
"#
%*ﬃ**
E

'
 
"
% f
E

 
"
%,"
www.gbe-bund.de -a ,I"-="# A..h.5
>
,
(
%*
"
**
"# ;2

/
$$
"#
G6
"
9 b
5
/
A
..
34
5 0


1












ﬀ
ﬂ


ﬀ







 2



ﬀ











ﬀ


1

ﬂ 




ﬀ







 


 
ﬀ
3 4









 5





 a
c *
a
Ac3
G
a
AB3
5

"
$%
"

2
g
"
>
,
$$ﬃ
 
"#
:

5
A
..a
5







ﬀ
 




 2



  



ﬂ


6



 



7




ﬀ
 /
b
"
C
,#
* 
_
5
B
.
A
a.a..a
4
5
b
`
!

/
ﬃ*
&
,
ﬃ$
`
%*
&
*
E
*
" ,
(
;E=
$
&
)
>
"
ﬃ$*
7
ﬃ
 
*
7
"

I
&
#,

-"
*4* f
&
$*
7
,I"

2
*
7
"

"
*
7
"#
$ﬃ
 
%
5
ﬃ*
7
"#
%
?g
2
f
"#
ﬃ
#
 
?
2
`
=E#
' 8

2
`

,E"

2
ﬃ ﬃ*
g
2

7
&
=E+
ﬃ
8
 


5
A
..
c
5
ﬃ



ﬁ


ﬁ



 




9::9
6

 


7
ﬀ



 





5 6
,#
$
 
>
"
ﬃ$*
7
_
#
'
ﬃ
&
;
ﬃ*
&
,

2 @;

g
&
%
)E
%%
&
,

;
ﬃC
"#

,
5
3B *
@"

"I
ﬃ
5
ﬃ*
7
"#
%
?g
2 <,
C
"
;
:
g
2

E##
ﬃ
+
?

<
5
A
..
d
5 '
 ﬁ



 

 

ﬀ




 ﬁ 







6


7
ﬀ



 








9::<
5
`
*
<,
C
"
;
:
g
2
ﬃ*
7
"#
%
?g
2

;;
ﬃ*
&

2

E##
ﬃ
+
?

<2
ﬃ
-
&
%
,

g
^
2 "
 
%
5
@
$
,=
ﬃ$
=E#
 
"

,
(  
&
%
"
ﬃ%
"
ﬃ
 
#
&
%9
(
ﬃ
)
*
,#
%
2
CC
5
B3
G
AB
.
5
_
D
(
,#
 

&
I"#
%
&
*
+ ;#"
%%* 
"
!
F
,#
9
5
_

?g
5
/
A
..
3"

"
C*
"-="#
4
5
_

?g
;#,
 
E)
*
&
I
&
*
+
g
ﬃ*ﬃ
=
ﬃ%
"
*
www.oecd.org/statistics/productivity"
6
>
_
5 '
 ﬂ



ﬁ


ﬁ



 

6
9::=



5
/
A
..>
4
5
@"

"I
ﬃ
2

!
&
*
;
"#
$ﬃ
 
5
-
a

,I"-="#
A
..h.
5
http://whqlibdoc.who.int/publications/2008/9789241563710_eng.pdf
;ﬃ
'
"    ,
( 
 


 

 	
 



	


 



	 
 

		






ﬃ
#
&
"
8
#E
%
" /a
4
2
ﬃ

#"
%
"

/a
4
2
g
,#
*
" @+#
 
G
>ﬃ%
"

/
A
2
c4
a
*?
"
*
#"
(
,#
:
CC$
&
"
 
>
"
ﬃ$*
7

"#I
&
)"
% b
"
%
"
ﬃ
#)
7
2

&
I"#
%
&
*
+ ,
(

,E
*
7
"#
 g
"

-
ﬃ
#
9
A * b
"
%
"
ﬃ
#)
7

&
*
(
,#
>
"
ﬃ$*
7

),

,-
&
)
%
2

&
I"#
%
&
*
+ ,
(

,E
*
7
"#
 g
"

-
ﬃ
#
9
c* gﬃ
&
%
7
`%*
&
*
E
*
"
(
,#
>
"
ﬃ$*
7

"#I
&
)"
% b
"
%
"
ﬃ
#)
7
 
:
&
-
* ^
7
"
ﬃ
&
- ,
(
*
7
&
% %*
E
 
+
!
ﬃ% *
,
ﬃ%%
"
%% *
7
"
&
-
Cﬃ
)
*
,
 *
7
" ),
%*
G
"
((
")
*
&
I"

"
%%
#
ﬃ*
&
, ,
(
&

)
$
E
 
&

'
-"
ﬃ%
E#"
%
,
(
C
#,
 
E)
*
&
,
 ﬃ
 
),
%
E-
C*
&
,

(
,
$$
,
!
&

'
ﬃ
7
"
ﬃ$*
7
)
ﬃ
#" ,#
7
"
ﬃ$*
7
C
#,-,
*
&
,

&
*
"#I"
*
&
,
 *
7
ﬃ*
&
-
C
#,I"
%
%
E#I
&
I
ﬃ$
5
g
ﬃ*ﬃ ﬃ
 
-"
*
7
,
 
%*
6
"
 
"
(
&

"
 
*
7
"

"
*
&

)#"-"
*ﬃ$
),
%
E-
C*
&
,

2 ,#
(
E
*
E#" ),
%*%
2
ﬃ% *
7
" )
7
ﬃ
'
"
&

),
%
E-
C*
&
,

-
&

E
%
)
7
ﬃ
'
"
&
 C
#,
 
E)
*
&
,

2
!
7
&
$
"
 
&
((
"#"
*
&
ﬃ*
&

'
="
*
!
""

7
"
ﬃ$*
7
)
ﬃ
#"
ﬃ
 

,

G
7
"
ﬃ$*
7
)
ﬃ
#" ),
%
E-
C*
&
,

5
fﬃ%
"
 
,
 A
..
3
#"
'&
%*
"#
G
=
ﬃ%
"
  
ﬃ*ﬃ
(
,#
*
7
" "
*
&
#"
g
ﬃ
&
%
7
C
,
C
E
$ﬃ*
&
,

2
!
" "
%*
&
-
ﬃ*
"
 
*
7
"
ﬃ
I"#
ﬃ
'
" I
ﬃ$
E" ,
(
ﬃ
E
ﬃ$ C
#,
 
E)
*
&
,
 ﬃ
 
),
%
E-
C*
&
,

(
,# ,

"
G
+"
ﬃ
#
ﬃ
'
"
'
#,E
C%
5 6
" ),-
C
E
*
"
 
*
7
"

"
*
),
%
E-
C*
&
,

&
 *
7
" #"-
ﬃ
&

&

'
"D
C
")
*
"
 
$
&
(
"
*
&
-"
ﬃ
 
*
7
"

"
*
),
%
E-
C*
&
,
 C
"#
$
&
(
" +"
ﬃ
#
'
ﬃ
&

"
 (
,#
 
&
((
"#"
* ﬃ
'
"
'
#,E
C%
5
b
"
%
E
$*%*
:
'
"
7
ﬃ% ﬃ C
#,
(
,E

 
"
((
")
*
,
 *
7
" -
ﬃ
'

&
*
E
 
" ,
(

"
*
),
%
E-
C*
&
,

5 6
7
"

&

)
$
E
 
&

'

"
*
&

)#"-"
*ﬃ$
),
%
E-
C*
&
,

&
 *
7
" ),
%*
G
"
((
")
*
&
I"

"
%%
#
ﬃ*
&
, ,
(
ﬃ
7
"
ﬃ$*
7
)
ﬃ
#" ,#
7
"
ﬃ$*
7
C
#,-,
*
&
,

&
*
"#I"
*
&
,

2
*
7
" #"
$ﬃ*
&
I" ),
%*
"
((
")
*
&
I"

"
%%
)
7
ﬃ
'
"
 
E
C *
, 
A
a2...
ﬃ
)#,
%% ﬃ
'
"
G
'
#,E
C%
5
^
7
"
$ﬃ
#
'
"
%*
 
&
((
"#"

)"
&
 *
7
" ),
%*
G
"
((
")
*
&
I"

"
%%
#
ﬃ*
&
,
!
ﬃ%
,=
%
"#I"
 
ﬃ
-,

'
%* *
7
"
c
.
G
+"
ﬃ
# ,
$
 
%
!
7
"#" ),
%*%
!
"#"
#"
 
E)"
 
%
&'

&
(
&
)
ﬃ*$
+
 
E"
*
,
%
&'

&
(
&
)
ﬃ*
(
E
*
E#"

"
*
),
*
#
&
=E
*
&
,
% *
,
%
,)
&
"
*
+
5
?
,

)
$
E
%
&
,
* ^
7
&
% CﬃC
"# ),
*ﬃ
&
%
),
%*
(
&'
E#"
%
(
,# E
%
"
&

),
%*
G
"
((
")
*
&
I"

"
%% ﬃﬃ$
+
%
"
%
2
!
7
"
 *
7
"
%
,)
&
"
*ﬃ$
C
"#
%C
")
*
&
I"
&
% ﬃ
 
,
C*
"
 
ﬃ
 (
E
*
E#" ),
%
E-
C*
&
,
 ﬃ
 
C
#,
 
E)
*
&
,

"
((
")
*% ﬃ
#"
*ﬃ9
"

&
*
,
ﬃ
)),E
*
5
^
7
"

"
*
),
%
E-
C*
&
,

I
ﬃ
#
&
"
%
),
%
&
 
"#
ﬃ
=
$
+
!
&
*
7
ﬃ
'
"
5
`

)
$
E
%
&
,

,
(

"
*
&

)#"-"
*ﬃ$
),
%
E-
C*
&
,

&
 *
7
" ),
%*
G
"
((
")
*
&
I"

"
%% ﬃﬃ$
+
%
&
%
!
&
$$
-
ﬃ
#
9
"
 
$
+
ﬃ
((
")
* *
7
" #"
$ﬃ*
&
I" ),
%*
G
"
((
")
*
&
I"

"
%%
,
(
&
*
"#I"
*
&
,
% *ﬃ
#
'
"
*
"
 
ﬃ*
 
&
((
"#"
* ﬃ
'
"
'
#,E
C%
5
_
-
&
**
&

'
(
E
*
E#" ),
%*
(
#,- ),
%*
G
"
((
")
*
&
I"

"
%% ﬃﬃ$
+
%
&
%
-
ﬃ
+ =
&
ﬃ% *
7
" #
ﬃ9
&

'
,
(
7
"
ﬃ$*
7
)
ﬃ
#"
&
*
"#I"
*
&
,
% ﬃ
 (
ﬃ
I,E#
&
*
"#I"
*
&
,
% ﬃ
&
-"
 
ﬃ*
,
$
 
"#
ﬃ
'
"
'
#,E
C%
5 6
" E
%
"
 
g
ﬃ
&
%
7  
ﬃ*ﬃ
(
,#
*
7
&
% ﬃ%%
"
%%
-"
*
2
ﬃ
 
,E# #"
%
E
$*%
!
&
$$ *
7
"#"
(
,#"

,
*
#"
C
#"
%
"
* *
#E"
(
&'
E#"
%
(
,# ,
*
7
"# ),E
*
#
&
"
%
5 6
"
 
,2
7
,
!
"I"#2 ="
$
&
"I"
*
7
ﬃ* *
7
" ,I"#
ﬃ$$
&
-
Cﬃ
)
*
,
(
&

)
$
E
 
&

'

"
* C
#,
 
E)
*
&
,

I
ﬃ$
E"
&

?

:
!
&
$$
="
%
&
-
&
$ﬃ
#
&

,
*
7
"#
),E
*
#
&
"
% *
7
ﬃ*
7
ﬃ
I"
%
&
-
&
$ﬃ
#
*
#
ﬃ%
(
"#
%
,
(
&

),-"
(
#,-
*
7
" +,E

'
"#
ﬃ
'
"
G
'
#,E
C% *
, ,
$
 
"#
ﬃ
'
"
G
'
#,E
C% ﬃ%
!
"
$$
ﬃ% C
E=
$
&
)
$
+
(
&
ﬃ
)"
 
%
,)
&
ﬃ$ ﬃ
 7
"
ﬃ$*
7
)
ﬃ
#"
%
"#I
&
)"
%
5
8
"+
!
,#
 
%*
(
E
*
E#" ),
%*%
2 ),
%*
G
"
((
")
*
&
I"

"
%% ﬃﬃ$
+
%
&
%
2
$
&
(
" +"
ﬃ
#
% %ﬃ
I"
 
;ﬃ
'
"    ,
( 
 


 


	 

  

	

 


	


	
	
	





	
 





 


ﬃ

#"
%
"

2
ﬃ
),= ;
ﬃ$%
'
ﬃﬃ
#
 
;"
*
"#
%
"

2
ﬃ
#
&
"
8
#E
%
"
?
"
*
#"
(
,#

"#
'
+2

I
&
#,

-"
* ﬃ
 
>
"
ﬃ$*
7
/
?>4 ﬃ
 
?
"
*
#"
(
,#
:
CC$
&
"
 
>
"
ﬃ$*
7

"#I
&
)"
% b
"
%
"
ﬃ
#)
7
ﬃ
 
^
")
7

,
$
,
'
+
:
%%
"
%%
-"
*
/
?
:
^4
2

&
I"#
%
&
*
+ ,
(

,E
*
7
"#
 g
"

-
ﬃ
#
9
 
 

OY

QXP]
`
 
&
I
&
 
E
ﬃ$
E
%
" ,
( 7
"
ﬃ$*
7
)
ﬃ
#"
%
"#I
&
)"
%
&
% ﬃ
&
-
C
,#
*ﬃ*
),-
C
,

"
*
&
 *
7
"
 
"
%
)#
&
C*
&
,

,
(
#"
%
,E#)" E
%
"
ﬃ
 
),
%* ﬃ%%
,)
&
ﬃ*
"
 
!
&
*
7
ﬃ
&
#
C
,
$$
E
*
&
,

5
?
7
ﬃ
'
"
%
&
 *
7
"
C
,
$$
E
*
&
,
 $
"I"
$
-
&'
7
*
&

(
$
E"

)" =,
*
7
*
7
"
&

)
&
 
"

)" ,
(

"
!
"
C
&
%
,
 
"
%
,
(
&
$$
"
%%
/"
5
'
5
$
E

'
)
ﬃ
)"#
4
2
*
7
"
C
#"I
ﬃ$
"

)" ,
(
&
$$
"
%%
/"
5
'
5
ﬃ%*
7
-
ﬃ4
2
ﬃ
 
*
7
" ),
%*
,
(
*
#"
ﬃ*
&

'
*
7
"
&
$$
"
%%
/"
5
'
5
*
7
#,E
'
7
%
"I"#
&
*
+
ﬃ
 
),-
C$
&
)
ﬃ*
&
,
%4
5
?
7
ﬃ
'
"
%
&
 *
7
"
C
#"I
ﬃ$
"

)" -
&'
7
*
)
ﬃ
E
%
" )
7
ﬃ
'
"
%
&

*
7
"

""
 
ﬃ
  
"-
ﬃ
 (
,#
7
"
ﬃ$*
7
)
ﬃ
#"
%
"#I
&
)"
%
5
g
"-
ﬃ
 
)
7
ﬃ
'
"
%
!
&
$$ 
)"
*
"#
&
% Cﬃ
#
&
=E
%
G
)
7
ﬃ
'
"
*
7
"
C
#,
 
E)
*
&
,

,
( 7
"
ﬃ$*
7
)
ﬃ
#"
ﬃ
 
*
7
E
% *
7
"
*
,
*ﬃ$
),
%*
,
(
*
7
"
7
"
ﬃ$*
7
)
ﬃ
#"
%
"#I
&
)"
%
5
`
 ﬃ %
&
-
C$
"
ﬃﬃ$
+
*
&
)
(
#
ﬃ
-"
!
,#
9 %
E)
7
),
%*
),
%
"E"

)"
%
(
,#
*
7
"
!
7
,
$
"
7
"
ﬃ$*
7
%
")
*
,# ),E
$
 
=" -,
 
"
$$
"
 
ﬃ% *
7
" )
7
ﬃ
'
"
&

 
"-
ﬃ
 (
,#
%
"#I
&
)"
%
/"
5
'
5

E-="# ,
(
Cﬃ*
&
"
*%
!
7
, #"E
&
#"
$
E

'
)
ﬃ
)"#
*
#"
ﬃ*
-"
*4
-E
$*
&
C$
&
"
 
!
&
*
7
*
7
"
$
,

'
G
*
"#-
ﬃ
I"#
ﬃ
'
" ),
%*
,
(
ﬃ 
"
!
$
+
 
&
ﬃ
'

,
%
"
 
$
E

'
)
ﬃ
)"#
Cﬃ*
&
"
*
5
V


SY
LM

S
K
`
 *
7
&
% ﬃﬃ$
+
%
&
%
!
"
!
&
$$
 
"I"
$
,
C ﬃ
 
*
"
%* ﬃ
-"
*
7
,
 
*
, "
%*ﬃ
=
$
&
%
7
*
7
" 

 


*
, ="
&

)
$
E
 
"
 
&
 ﬃ
),
%*
(
E

)
*
&
,

(
,#
7
"
ﬃ$*
7
)
ﬃ
#"
%
")
*
,# ),
%*
5
`

&
*
&
ﬃ$$
+2
!
" =
ﬃ%
"
*
7
" -"
*
7
,
 
,
 ﬃ ﬃ%%
E-
C*
&
,
 *
7
ﬃ* *
7
"
&

)#"-"
*ﬃ$
),
%*%
,
(
*
#"
ﬃ*
&

'
ﬃ ﬃ
  
&
*
&
,
ﬃ$ Cﬃ*
&
"
*
"E
ﬃ*
"
*
7
"
$
,

'
G
*
"#-
ﬃ
I"#
ﬃ
'
" ),
%*
5

S
LR
]
`
 *
7
&
% ﬃﬃ$
+
%
&
%
!
"
&

)
$
E
 
"
ﬃ $
&
-
&
*
"
 

E-="# ,
(
&
$$
"
%%
"
%
/
$
E

'
)
ﬃ
)"#
ﬃ
 
:
)E
*
" -+,)
ﬃ
#
 
&
ﬃ$
&

(
ﬃ
#)
*
&
,

/
:

`
44 ﬃ%
&
$$
E
%*
#
ﬃ*
&
I" "D
ﬃ
-
C$
"
%
5 6
"
&
 
"
*
&
(
+
&

 
&
I
&
 
E
ﬃ$%
!
7
,
7
ﬃ
I" #")"
&
I"
 7
,
%C
&
*ﬃ$
)
ﬃ
#"
(
,#
*
7
"
%
"
 
&
%
"
ﬃ%
"
% *
7
#,E
'
7
&
%C
")
*
&
,

&
 ﬃ c
.
e %ﬃ
-
C$
"
(
#,-
*
7
"
ﬃ*
&
,
ﬃ$
;
ﬃ*
&
"
* b
"
'&
%*
#+ /
A
..
B
G
A
..>
4
5 6
"
&
 
"
*
&
(
+ #"
$
"I
ﬃ*
 
&
%
"
ﬃ%
"
% *
7
#,E
'
7
*
7
"
`
*
"#
ﬃ*
&
,
ﬃ$
?
$ﬃ%%
&
(
&
)
ﬃ*
&
,

,
(
g
&
%
"
ﬃ%
"
%
/
`?g
G
a.
4
/<E

'
)
ﬃ
)"#
*
?
cB"
:

`
*
`
A
a
4
5
`

,#
 
"#
*
,
&
 
"
*
&
(
+

"
!
)
ﬃ%
"
%
!
"
ﬃCC$
+
ﬃ 
!
ﬃ%
7
G
,E
* C
"#
&
,
 
,
(
A
+"
ﬃ
#
%
/
A
..
B
G
A
..
d4
 
E#
&

'
!
7
&
)
7
*
7
"
&

 
&
I
&
 
E
ﬃ$% %
7
,E
$
 

,
*
7
ﬃ
I"
7
ﬃ
 
ﬃ
+
7
,
%C
&
*ﬃ$
),
*ﬃ
)
*
!
&
*
7
*
7
"
 
&
ﬃ
'

,
%
"
5 6
"
*
7
E
%
 
"
(
&

"
&

 
&
I
&
 
E
ﬃ$%
!
7
,
7
ﬃ
I"
ﬃ
7
,
%C
&
*ﬃ$
),
*ﬃ
)
*
!
&
*
7
ﬃ
#"
$
"I
ﬃ*
 
&
ﬃ
'

,
%*
&
) ),
 
"
ﬃ% Cﬃ*
&
"
*
!
&
*
7
ﬃ
"
C
&
%
,
 
" ,
(
*
7
"
 
&
%
"
ﬃ%
"
5

,# "
ﬃ
)
7
&

 
&
I
&
 
E
ﬃ$
&
 *
7
"
%
"
'
#,E
C%
!
"
ﬃﬃ$
+
%
"
*
7
"
&
# ),
%
E-
C*
&
,

,
( 7
"
ﬃ$*
7
)
ﬃ
#"
%
"#I
&
)"
%
/
C
#
&
-
ﬃ
#+ )
ﬃ
#"
ﬃ
 7
,
%C
&
*ﬃ$
)
ﬃ
#"
4
E
%
&

'
ﬃ$$
#"),#
 
%
,
( 7
"
ﬃ$*
7
)
ﬃ
#"
%
"#I
&
)"
% C
#,I
&
 
"
 
5 6
" ),E
* *
7
"

E-="# ,
(
%
"#I
&
)"
%
;ﬃ
'
"   ,
( 
 
C
#,I
&
 
"
 
=+
 
&
((
"#"
* %C
")
&
ﬃ$
&
%*%
&
 *
7
"
C
#
&
-
ﬃ
#+ )
ﬃ
#"
ﬃ
 
*
7
"

E-="# ,
(
&
Cﬃ*
&
"
* ﬃ
 
-
&
%%
&
,
%
2 ),
*ﬃ
)
*%
&

ﬃ
))
&
 
"
* ﬃ
 
"-"#
'
"

)+
 
"
Cﬃ
#
*
-"
* ﬃ
 
)
$
&

&
)
ﬃ$
,E
*Cﬃ*
&
"
*
 
"
Cﬃ
#
*
-"
*%
5
^
, ),
%* *
7
"
%
"#I
&
)"
%
!
"
ﬃCC$
+
*
7
"
(
""
% Cﬃ
&
 
*
,
*
7
"
C
#,I
&
 
"#
%
=+
*
7
"
%
,)
&
ﬃ$
7
"
ﬃ$*
7
&
%
E#
ﬃ
)"
ﬃ
 
*
7
"
ﬃ*
&
,
ﬃ$ g
&
ﬃ
'

,
%*
&
)
b
"
$ﬃ*
"
 
@#,E
C%
(
,#
7
,
%C
&
*ﬃ$ %
"#I
&
)"
%
5 6
"
ﬃCC
,#
*
&
,
 *
7
" #"
%
,E#)" ),
%
E-
C*
&
,
 ﬃ
 
),
%*
&
 *
7
#"" -,
*
7
% C
"#
&
,
 
% %*ﬃ
#
*
&

'
(
#,-
*
7
"
(
&
#
%*
7
,
%C
&
*ﬃ$
"
C
&
%
,
 
"
5 6
"
!
&
$$ *
7
E
%
="
ﬃ
=
$
"
*
,
 
"
%
)#
&
="
*
7
" ),
%*
&
 *
7
"
(
&
#
%* AB
G
cd
-,
*
7
% ﬃ
(
*
"#
*
7
"
(
&
#
%*
7
,
%C
&
*ﬃ$
),
*ﬃ
)
*
5
^
,
 
"
%
)#
&
="
*
7
" ),
%* ﬃ**
#
&
=E
*ﬃ
=
$
"
*
,
&
$$
"
%%
"
% ﬃ%%
,)
&
ﬃ*
"
 
!
&
*
7
ﬃ
&
#
C
,
$$
E
*ﬃ*
!
" "
%*
&
-
ﬃ*
"
%
&
-
&
$ﬃ
# ),
%*%
(
,#
ﬃ
'
#,E
C
,
(
&

 
&
I
&
 
E
ﬃ$%
!
7
,
7
ﬃ
I"

,
*
7
ﬃ
 
*
7
"
 
&
%
"
ﬃ%
"
5
f
+
%*
#
ﬃ*
&
(
&
"
 
ﬃﬃ$
+
%
&
%
(
,#
 
&
((
"#"
* ﬃ
'
"
ﬃ
 
'
"

 
"#
'
#,E
C%
!
"
!
&
$$
="
ﬃ
=
$
"
*
,
 
"#
&
I"
ﬃ
),
%*
"
%*
&
-
ﬃ*
"
*
7
ﬃ*
#"
C
#"
%
"
* *
7
"
ﬃ
I"#
ﬃ
'
"
7
"
ﬃ$*
7
)
ﬃ
#" ),
%* ﬃ%%
,)
&
ﬃ*
"
 
!
&
*
7
*
7
"
 
&
%
"
ﬃ%
"
%
(
,#
%C
")
&
(
&
)
'
"

 
"#2
ﬃ
'
"
'
#,E
C% ﬃ
 (
,#
 
&
((
"#"
* %*ﬃ
'
"
%
/
*
&
-"
C
"#
&
,
 
% ﬃ
(
*
"#
 
&
ﬃ
'

,
%
&
%4
,
(
*
7
"
 
&
%
"
ﬃ%
"
5
;ﬃ
'
"  

,
( 
 
Session 4:   	



S

P
L
S
K
SO

S
 ﬃ
=
&
ﬃ
6
ﬃ
'

"#2
``
::
2
:
E
%*
#
&
ﬃ
U
R
O
M



*
""


,
$
I
ﬃ
'

"
%
"

;ﬃ
'
"    ,
( 
 



	


	
	 

	


	





 	



	 	


 












 yrnkk




 loklo


i
rjomp



rxkploklo
 
 lpl




 rno


 yllk



i
 joklo



 joklo

y
i
 lml{jjrm





xlr

jom







p

jpxnoj 	oxrnovlopj 
lkljr|

okpxpŁpl


jrŁk oxlrkxpz }

	








ljrpvlop nq

pvnklrx| 	oxrnovlop }






rlmlrxknr{l
 
ww

uttt 
nkxml


lovjr
 
 
f
&
,
(
E"
$%
2 "
%C
")
&
ﬃ$$
+ "
*
7
ﬃ
,
$
2
7
ﬃ
I" =""

&
 C
,
$
&
*
&
)
ﬃ$
(
,)E
%
(
,#
*
7
"
$ﬃ%*
),E
C$
" ,
(
+"
ﬃ
#
%
2 =,
*
7
&
*
"#
ﬃ*
&
,
ﬃ$$
+
ﬃ
 
&
 g
"

-
ﬃ
#
9
5

,#
*
7
"

E#,
C
"
ﬃ 
&
,

2
*
7
"
 f
&
,
(
E"
$ g
&
#")
*
&
I"
%
"
*%
&

 
&
)
ﬃ*
&
I"
*ﬃ
#
'
"
*%
(
,#
*
7
" =
&
,
(
E"
$
%
7
ﬃ
#" ,
(
*
#
ﬃ%C
,#
*
"

"#
'
+
 
"-
ﬃ
 
&

"
ﬃ
)
7

"-="#

*ﬃ*
" ,
(
Ae
=+
*
7
" "

 
,
(
A
..
3 ﬃ
 
3
5
H3e
=+
A
.a.
/

E#,
C
"
ﬃ 
&
,

2
A
..
c4
5
^
7
#""
$
&
E
&
 
=
&
,
(
E"
$ *
+
C
"
%
7
ﬃ
I" -,
%*$
+ =""

E
%
"
 
ﬃ% *
#
ﬃ%C
,#
*
(
E"
$*
=
&
,
 
&
"
%
"
$
2
"
*
7
ﬃ
,
$ ﬃ
 
-"
*
7
ﬃ
,
$
/

 
!
ﬃ
#
 
%
"
* ﬃ$ A
..
d
2
`

:
A
..
B4
5
>
"#"2 =
&
,
 
&
"
%
"
$
&
%
E
%
"
 
ﬃ% ﬃ
'
"

"#
&
)
*
"#-
(
,#
=
&
,
(
E"
$% %
E
&
*ﬃ
=
$
"
(
,#
 
&
"
%
"
$
"

'&

"
%
2
!
7
&
$
"
*
7
" #"-
ﬃ
&

&

'
*
!
,
(
E"
$% ﬃ
#" E
%
"
 
&

'
ﬃ%
,
$
&

" "

'&

"
%
5
^
7
"#"
&
%
%*
#,

' '
#,
!
*
7
&
 *
7
" E
%
" ,
(
=
&
,
(
E"
$%
'
$
,=
ﬃ$$
+2
Cﬃ
#
*
&
)E
$ﬃ
#
$
+
&
 f
#
ﬃ
;
&
$ ﬃ
 
*
7
"

:
2
ﬃ%
!
"
$$ ﬃ%
&

 
"-
ﬃ
 (
,#
*
")
7

,
$
,
'&
)
ﬃ$
 
"I"
$
,
C
-"
* ﬃ
 
-
ﬃ
#
9
"
*
&

'
,
(
=,
*
7
I"
7
&
)
$
"
% ﬃ
 (
E"
$%
2 "
%C
")
&
ﬃ$$
+ "
*
7
ﬃ
,
$
5
`

@"#-
ﬃ
+
=
&
,
 
&
"
%
"
$
&
%
!
&
 
"
$
+ E
%
"
 
2 -
ﬃ
&
$
+
&

,#
 
"#
*
,
%
")E#"
%
E
CC$
+ ,
( (
E"
$
(
,#
*
#
ﬃ%C
,#
*
5
`
 *
7
&
% %*
E
 
+
ﬃ %
)"
ﬃ
#
&
,
ﬃCC
#,
ﬃ
)
7
&
%
E
%
"
*
,
ﬃ%%
"
%% *
7
"
&
-
Cﬃ
)
*
=
&
,
(
E"
$%
7
ﬃ
I" ,
 *
7
" "

I
&
#,

-"
* ﬃ
 
7
E-
ﬃ
7
"
ﬃ$*
7
&

g
"

-
ﬃ
#
9
5
^
7
#""
 
&
((
"#"
*
=
&
,
(
E"
$
#,
ﬃ
 
*
#
ﬃ%C
,#
*
"-
&
%%
&
,
 %
)"
ﬃ
#
&
,
% ﬃ*
 
&
((
"#"
*
+"
ﬃ
#
%
(
#,-
A
..
B *
,
A
.
c
.
ﬃ
 
=
ﬃ
##"
$ C
#
&
)"
%
/
d3 ﬃ
 
a..
4
7
ﬃ%
=""
 ﬃCC$
&
"
 
*
a
5
 
:
=E
%
&

"
%%
G
ﬃ%
G
E
%
E
ﬃ$ %
)"
ﬃ
#
&
,2 E
%
" ,
(
.
e
=
&
,
(
E"
$
&
 *
7
" #,
ﬃ
 
*
#
ﬃ%C
,#
* %
")
*
,#
5
A
5
 
^
7
" =
&
,
(
E"
$ %
7
ﬃ
#"
!
&
$$
'
#,
!
*
, ="+,

 
>
e
=+
A
.
c
.2
&
 $
&

"
!
&
*
7
*
7
"
?
,--
&
%%
&
,
%
"
%*
&
-
ﬃ*
" ,
(
=
&
,-
ﬃ%% C
,
*
"
*
&
ﬃ$
(
,#
*
#
ﬃ%C
,#
*
(
E"
$%
(
,#
*
7
"
f
&
,
(
E"
$
g
&
#")
*
&
I" /
?

?
2
A
..a
4
5
c
5
 
^
7
" =
&
,
(
E"
$ %
7
ﬃ
#" ,
(
*
7
" #,
ﬃ
 
*
#
ﬃ%C
,#
*
"

"#
'
+
!
&
$$
'
#,
!
*
, #"
ﬃ
)
7
A3e
&
 A
.
c
.2
&
5
"
5
*
7
"

?
*ﬃ
#
'
"
*
,
(
A
.
e ﬃ$*
"#
ﬃ*
&
I"
(
E"
$%
&
%
-"
*
"
*
&
#"
$
+ =+ =
&
,
(
E"
$%
/
?

?
A
..a
4
5
^
7
ﬃ*
-"
ﬃ% *
7
"
*
,
*ﬃ$
,
(
AB
 
&
((
"#"
*
"-
&
%%
&
,
 %
)"
ﬃ
#
&
,
%
/
6
&
*
7
"#2
A
..h
4
&
% ﬃCC$
&
"
 
&
 *
7
&
% %*
E
 
+
5
^
,
-,
 
"
$ *
7
"
ﬃ
=,I"-"
*
&
,

"
 
%
)"
ﬃ
#
&
,
% *
7
"
&
*
"
'
#
ﬃ*
"
 
-,
 
"
$ %
+
%*
"-2

!
:
/

),

,-
&
)
!
ﬃ$
E
ﬃ*
&
,

,
(
:
&
#
C
,
$$
E
*
&
,
4
&
%
E
%
"
 
5

!
:
&
%
=
ﬃ%
"
 
,
 *
7
"
&
-
Cﬃ
)
* Cﬃ*
7
!
ﬃ
+ )
7
ﬃ
&
 ﬃ
 
),
%
&
%*%
,
(
*
7
"
g
ﬃ
&
%
7

E
$
"#
&
ﬃ
>
"-
&
%C
7
"#
&
)

,
 
"
$
/
g
>
2
?
7
#
&
%*
"
%
"

2 ahh
H" f
#
ﬃ
 
*
"
* ﬃ$
5
2
A
..a
" 
#,
7

"
* ﬃ$
5
2
A
..
A4
2
ﬃ
  
#"
%%
G
$
"I"
$
,#
'
#
&
  
"
 
C
,
C
E
$ﬃ*
&
,

 
ﬃ*ﬃ
2
%*ﬃ*
"
G
,
(
G
*
7
"
G
ﬃ
#
*
"D
C
,
%
E#"
G
#"
%C
,
%
"
(
E

)
*
&
,
% ﬃ
 
-,

"
*ﬃ
#+ I
ﬃ$
E
ﬃ*
&
,

,
(
*
7
"
&
-
Cﬃ
)
*%
(
#,-
ﬃ
&
#
C
,
$$
E
*
&
,

5
`
 *
7
"
!
,#
9 C
#"
%
"
*
"
 7
"#"
ﬃ
=#
&
"
(
&
*
#,
 
E)
*
&
,
 *
,
*
7
"

!
:
%
+
%*
"-
!
&
$$
="
'&
I"

2
(
,
$$
,
!
"
 
=+
ﬃ
C
#"
%
"
*ﬃ*
&
,

,
(
*
7
"
&

(
$
E"

)"
*
7
" #,
ﬃ
 
*
#
ﬃ%C
,#
* %
")
*
,#
!
&
$$
7
ﬃ
I" ,
 *
7
" "

I
&
#,

-"
*
&
(
=
&
,
(
E
$% ﬃ
#"

,
*
ﬃ
  
"
 
*
,
*
#
ﬃ%C
,#
*
(
E"
$%
(
#,-
A
..
B *
,
A
.
c
. /=E
%
&

"
%%
G
ﬃ%
G
E
%
E
ﬃ$4 ﬃ
 
&
(
*
7
" =
&
,
(
E"
$ %
7
ﬃ
#" ,
(
*
#
ﬃ%C
,#
*
;ﬃ
'
"    ,
( 
 
"

"#
'
+
&
% A3e
5

&
ﬃ$$
+2
ﬃ ﬃ%%
"
%%
-"
*
,
( 7
"
ﬃ$*
7
G
#"
$ﬃ*
"
 
"),

,-
&
) "D
*
"#
ﬃ$
&
*
&
"
%
,
(
*
7
"
ﬃ
&
#
C
,
$$
E
*
&
,

(
#,-
*
7
"
%
"
*
!
, )
ﬃ%
"
%
!
&
$$
="
'&
I"

5
                       

Y

PTS]QNSP
L

^
7
&
%
!
,#
9
!
ﬃ%
)
ﬃ
##
&
"
 
,E
*
 
E#
&

'
*
7
"
C
#,
ﬀ
")
* b
"

"
!
ﬃ
=
$
" "

"#
'
+
&
 *
7
"
*
#
ﬃ%C
,#
* %
")
*
,# E
%
&

'
=
&
,
(
E"
$% ﬃ%
"

"#
'
+ )
ﬃ
##
&
"#
%
/
bf?ﬃ4 %
E
CC
,#
*
"
 
=+
*
7
"

*
#
ﬃ*
"
'&
)
b
"
%
"
ﬃ
#)
7
?
,E

)
&
$
2 ;#,
'
#
ﬃ
--"
?
,--
&
**
""
(
,#

"#
'
+
ﬃ
 

I
&
#,

-"
*
2
^
7
"
gﬃ
&
%
7
b
"
%
"
ﬃ
#)
7
ﬃ
 
`
,I
ﬃ*
&
,
%
:
'
"

)+
 
SSSPYS
K
f
#
ﬃ
 
*
2

5
2
?
7
#
&
%*
"
%
"

2

5
>
5
2

#,
7

2 <
5

5
2 ;
ﬃ$
-
'
#"

2

2
f
"#
9
,
!
&
);2
b
5  
$ﬃ*
"I2
5
2 /
A
..a
4
5 

ﬀ










ﬀ

5
c3
/a
4
2

ha
G
h>
5
?

?
/
A
..a
4
5 ﬀﬀ








ﬀ
 
ﬀﬀ






 













 








 


 



ﬀ
 


ﬀ
  


ﬁ






3 5





 

 













5




ﬀ
 










  
ﬀ






 


ﬁ









 

3 



7
H
5
aa
5
A
..a ),-/
A
..a
4 3BH
?
7
#
&
%*
"
%
"

2

5
>
5
/ahh
H4
5

ﬀ










ﬀ
2
c
a2
AB
2
B
a
d
h
G
B
aha
5

 
!
ﬃ
#
 
%
2
b
5
2 <
ﬃ
#
&
I

2

G

5
2
ﬃ
7
&
"E2
!
5
2
b
,EI"
&
#,
$$
"
%
2 ;
5
/
A
..
d4
5 6
"
$$
G
*
,
G6
7
""
$%
:
ﬃ$
+
%
&
%
,
(

E
*
E#"
:
E
*
,-,
*
&
I"

E"
$% ﬃ
 
;,
!
"#
*
#
ﬃ
&
%
&
 *
7
"

E#,
C
"
ﬃ
?
,
*
"D
*
/
*
7
"

?

*
E
 
+
4*
?_

?
:6

2

?
:
b ﬃ
 
*
7
"

,
&
* b
"
%
"
ﬃ
#)
7
?
"
*
#" ,
(
*
7
"

?
,--
&
%%
&
,

2
`
%C
#
ﬃ
2
!
"#
%
&
,
 A
=2
ﬃ
+
A
..
d
5
b
<
*
7
**C*

&
"
%
5
ﬀ
#)
5
)")
5
"E
5
&
*

!
*
!
5
7
*
-
$

E#,
C
"
ﬃ 
&
,

/
A
..
c4
g
&
#"")
*
&
I"
A
..
c

c
.


?
,
(
*
7
"

E#,
C
"
ﬃ
;
ﬃ
#
$
&
ﬃ
-"
* ﬃ
 
*
7
"
?
,E

)
&
$
,
(
>
ﬃ
+
A
..
c
,
 *
7
"
C
#,-,
*
&
,

,
(
*
7
" E
%
" ,
(
=
&
,
(
E"
$%
,# ,
*
7
"# #"

"
!
ﬃ
=
$
"
(
E"
$%
(
,#
*
#
ﬃ%C
,#
*
5
f
#E
%%
"
$%
5

#,
7

2 <
5

5
2
?
7
#
&
%*
"
%
"

2

5
>
5 
f
#
ﬃ
 
*
2

5
/
A
..
A4
5
4






ﬀ






5

2 a
H
h2
d
>
G
h
B
5
`

:
/
A
..
B4
5
f
&
,
(
E"
$%
(
,#
^
#
ﬃ%C
,#
* 
:

`
*
"#
ﬃ*
&
,
ﬃ$
;"#
%C
")
*
&
I"
5
`
*
"#
ﬃ*
&
,
ﬃ$ 
"#
'
+
:
'
"

)+2 ;
ﬃ
#
&
%
5
6
&
*
7
"#2

5
/
A
..h
4
5
5



ﬀﬀ






;ﬃ
'
"    ,
( 
 

















 	






	
  	

 	


 
	









~ rlmlrxklo


loklo

 


xoplr



	

jrklo

 

 lklo


jom 	

lop




ljrpvlop nq ~nx|z

ojzkxk


jpxnoj 	oxrnovlopj 
lkljr|

okpxpŁpl


jrŁk oxlrkxpz




uttt 
nkxml


lovjr


ljrpvlop nq rjoknrp

l|ox|j oxlrkxpz nq

lovjr




stt

zo{z


lovjr
 
W
P
L
]XY
LM
P
During the last decade procedures and processes to support the integration of environmental 
issues in sector policies and sustainability issues in EU policy making have been developed to 
ensure increased policy coherence. Better regulation at EU and member state level is requested, 
and ex-ante impact assessment of policy alternatives is one of the methods implemented in the 
Commission policy making procedures, and is also implemented in some, but not all, member 
states (CEC, 2005). National ex-ante impact assessment systems have been implemented, but do 
not always give proper consideration of environmental aspects (Raggamby et al., 2007). 
 Targets for the introduction of biofuels in the transport sector in Denmark is now a 5.75 % share 
of fuels in 2010, phased in until 2012, and in 2020, 10% of the energy consumption in the 
transport sector should be covered by renewable energy. This paper presents the approach 
developed and some results from an integrated assessment of the introduction of biofuels in the 
transport sector in Denmark to reach these targets using biofuels. Based on forecasts for road 
traffic increase until 2030, estimations of road traffic energy demand, biofuel and biomass 
demand under different policy targets for biofuel mix are estimated. Options for meeting this 
demand under a strategy of self-sufficiency are discussed.  
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100 $ forecast
2010 2015 2020 2025 2030
diesel 105.801 120.326 131.986 142.441 152.300
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The policy scenario (HS1) implements the targets of 5.75 % biofuel use in 2010 and 10 % in 
2020. The high scenario (HS2) use biofuel shares of 15 % in 2020 and 25 % in 2030. Second 
generation bioethanol are phased in from 2010, as illustrated in figure 1. 
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 SO2/ SO4 NOx PM2.5 
 
High-stack sources 
- emissions 
- total cost 
- unit cost/kg 
 
13.760 tonnes 
915 million 
67 DKK/kg 
 
48.826 tonnes 
2093 million 
43 DKK/kg 
 
720 tonnes 
57 million 
80 DKK/kg 
 
Transport sources 
- emissions 
- total cost 
- unit cost/kg 
 
400 tonnes 
95 million 
239 DKK/kg 
 
74.520 tonnes 
4998 million 
67 DKK/kg 
 
2.120 tonnes 
456 million 
215 DKK/kg 
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DKK/kg PM2.5  
LOCAL 
SCALE 
REGIONAL 
SCALE 
SUM 
 
Danmark (128 pers/km2)  
  
City class 1 (TU5, TU6) (1492 inh./km2) 
City class 2 (TU4) (2392 inh./km2) 
City class 3 (TU4) (2404 inh./km2) 
City class 4 (TU4) (2547 inh./km2) 
City class 5 (TU4) (2874 inh./km2) 
City class 6 (TU4) (2792 inh./km2) 
City class 7 (TU3) (2627 inh./km2) 
City class 8 (TU3) (3494 inh./km2) 
City class 9 (TU1) (6325 inh./km2) 
  
Rural (TU7) (18 pers/km2)  
25 
  
297 
476 
479 
507 
572 
556 
523 
696 
1260 
  
3 
190 
  
190 
190 
190 
190 
190 
190 
190 
190 
190 
  
190 
215 
  
487 
666 
669 
697 
762 
746 
713 
886 
1450 
  
193  
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TU15: 
DKK/km 
 
PM2
.5 
NO
x 
SO2 SU
M 
Private 
vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck 
(diesel) 
 
0,03 
0,20 
0,66 
0,05 
0,32 
0,62 
 
0,05 
0,05 
0,63 
0,08 
0,09 
0,45 
 
0,01 
- 
0,02 
0,01 
0,01 
0,02 
 
0,09 
0,25 
1,31 
0,14 
0,41 
1,09 
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TU46: 
DKK/km 
 
PM2
.5 
NO
x 
SO2 SU
M 
Private 
vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck 
(diesel) 
 
0,01 
0,05 
0,16 
0,01 
0,08 
0,15 
 
0,05 
0,05 
0,63 
0,08 
0,09 
0,45 
 
- 
- 
0,01 
- 
- 
0,01 
 
0,06 
0,10 
0,80 
0,10 
0,17 
0,61 
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TU77: 
DKK/km 
 
PM2
.5 
NOx SO2 SU
M 
Private 
vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck 
(diesel) 
 
- 
0,01 
0,06 
0,01 
0,03 
0,06 
 
0,04 
0,03 
0,46 
0,07 
0,06 
0,37 
 
- 
- 
0,01 
- 
- 
0,01 
 
0,04 
0,04 
0,52 
0,08 
0,08 
0,43 
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HIGHWAY 
DKK/km 
TU1 
PM2
.5 
NOx SO2 SU
M 
Private vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck (diesel) 
 
0,02 
0,13 
0,37 
0,03 
0,22 
0,38 
 
0,06 
0,04 
0,39 
0,08 
0,06 
0,33 
 
- 
- 
0,01 
- 
- 
0,02 
 
0,08 
0,17 
0,77 
0,12 
0,28 
0,73 
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HIGHWAY 
DKK/km 
TU4 
PM2
.5 
NOx SO2 SU
M 
Private vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck (diesel) 
 
- 
0,03 
0,09 
0,01 
0,05 
0,09 
 
0,06 
0,04 
0,39 
0,08 
0,06 
0,33 
 
- 
- 
0,01 
- 
- 
0,01 
 
0,06 
0,07 
0,48 
0,09 
0,11 
0,43 
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HIGHWAY 
DKK/km 
TU7 
PM2
.5 
NOx SO2 SU
M 
Private vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck (diesel) 
 
- 
0,02 
0,05 
- 
0,03 
0,05 
 
0,06 
0,04 
0,39 
0,08 
0,06 
0,33 
 
- 
- 
- 
- 
- 
0,01 
 
0,06 
0,06 
0,44 
0,08 
0,09 
0,38 
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DKK2006 per. km Rural City
(10.000 
inh.)
Urban
(CPH)
Private vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck (diesel) 
0,04
0,04
0,52
0,08
0,08
0,43
0,06
0,10
0,80
0,10
0,17
0,61
0,09
0,25
1,31
0,14
0,41
1,09
Weighted 
average 0,08 0,12 0,22
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DKK2006 per. Km 
HIGHWAY 
Rural City
(10.000 
inh.)
Urban
(CPH)
Private vehicle 
- petrol 
- diesel 
Bus (diesel) 
Van (petrol) 
Van (diesel) 
Truck (diesel) 
0,06
0,06
0,44
0,08
0,09
0,38
0,06
0,07
0,48
0,09
0,11
0,43
0,09
0,17
0,77
0,12
0,28
0,73
Weighted 
average 0,09 0,10 0,16
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These official documents clearly state the political commitment to reduce the negative climate 
impact. Nevertheless, the changes that need to be implemented throughout the society are 
massive and even more so by the establishment of Öresundsverket, owned by the energy 
company E.ON. Looking back at the past CO2-emissions of Malmö, there was a large decrease 
of emissions during 1980-1990 (figure 1), which can be explained by the deindustrialization of 
Malmö during that period and improvements of the district heating system (City of Malmö, 
2009B). Between 1990 and 2008 the CO2-emissions have been reduced with another 7 % (City 
of Malmö, 2009B), but this negative trend is likely to change when the emissions of 
Öresundsverket are taken into account. The emissions of CO2 in Malmö were approximately 1.1 
Mton in 2008 (Bruun Månsson et al., 2009) and when Öresundsverket is fully operational they 
can be expected to double (Åberg, et al., 2009).  
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 General Goals/ Areas where evaluating indicators for a framework exists 
EU 
Sustainability 
Criteria 
GHG saving of at least 35% 
-50% from 2017 
- 60% for new installations from 2018 
- default values and calculation method for actual values included 
 No raw material from converted land with: 
-- high biodiversity value 
--high carbon stock 
 Chain of custody must respect mass balance methodology 
Biannual reporting on: Land use ;  Soil, water and air protection measures;  
Impacts on biodiversity;   Social issues;  Food security, wider development 
issues;  Commodity price changes  
Danish 
Relevant 
Legislation 
-Environment Objectives Act (2003 with later amendments), implementing the 
Water Framework Directive and the Habitats Directive 
-The Nature Protection Act (2009) 
-The Environment Protection Act 
-The emission ceilings regulation (2003, implementing the NEC directive) 
Danish 
National 
Green Growth 
-Improving water quality 
-Reduction of damage caused by pesticides,  
;ﬃ
'
"

   ,
( 
 
Strategy -Reduced ammoniac use  
-Reduced greenhouse gases           
 -Better nature conservation and biodiversity 
-Accessible nature improved             
-Improved oversight of the Danish environment (green Denmark mapping) 
REBECa 
environmental 
impacts  
-Emissions from driving (NOx, PM, VOC, CH, CO)  
-air quality (PM2.5, PM10, geographically divided)  
-W-T-W emissions (CO2-CH4 N2O, CO2eq, NOx, SO2, CO, NH3, PM)  
-land use (need vs available)  
-emissions from the production of raw materials (N, P, pesticidtryk)  
-landscape (visual effects of perennial crops) 
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eq Rising 
RCP6.0 ~6.0W/m
2
  (stabilization after 
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Stabilization without 
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Norway spruce, yield level PK8 and 
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Heat and combined heat 
and power (69-81%) 
Grassy lignocellulosic Grass-clover ley with 30-50% clover Biogas (54%) 
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Starch crops Winter wheat on sandy (JB1-3) and 1
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loamy soils (JB5-6) combustion (90%) 
Sugar crops Sugar beet on loamy soils 
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(54%), tops used for 
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Budget distribution in KIOP
Energy 29 db
Environment 37 db
Transport 18 db
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Total subsidy (billion EUR) KEOP (billion EUR) 
2007-2013 22.4 4.9 
Until May 2010 3.5 0.145 
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1. Description of the CEEH integrated ‘Energy-Environment-Health-Cost’ modelling 
framework system 
2. CEEH energy system scenarios   
3. Assessment of Health-Cost Externalities of Air Pollution at the National Level  using 
the EVA Model System 
4. Description and validation of the CEEH-HIA model 
5. Demonstration of the full CEEH chain – the HIA line 
6. CEEH health impact studies 
a) Description of the CEEH health effects model - selection of concentration-
response functions 
b) Laboratory tests of toxicity of combustion particles 
7. The final CEEH system: Methodology, design and results 
8. Collection of Extended Abstracts from: International conference on Energy, 
Environment and Health – Optimization of future Energy Systems 2010 
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